SUMMARY Certain reducing agents containing sulfhydryl groups are important to the in-vitro survival of Treponema pallidum. Discrepancies occur, however, concerning the agents and the concentrations that are optimal. To clarify some of this confusion, sulfhydryl oxidation was determined using procedures and experimental conditions commonly used for Tpallidum. Sulfhydryl oxidation varied according to the type of culture medium, the size of the culture vessels, the volume of the culture medium, and the gaseous environment within the culture vessels, as well as the method of extracting treponemes from infected testicular tissue. Dithiothreitol maintained highly reduced conditions by reducing disulfide groups to sulfhydryl groups. Lastly, the organisms influenced the sulfhydryl concentration by either direct oxidation or specific uptake. The sulfhydryl content was sharply decreased in the presence of viable preparations of T pallidum compared with heated preparations or membrane filtrates of viable preparations.
Introduction
The presence of sulfhydryl (SH) agents prolongs the in-vitro survival of Treponema pallidum. Brewer' first reported the beneficial effects of sodium thioglycollate on treponemes. Cysteine, glutathione, and thioglycollate were important components of Nelson's basal medium.2 Weber3 characterised the influences of SH agents on Tpallidum. Glutathione, cysteine, thioglycollate, mercaptosuccinate, and homocysteine enhanced survival; mercaptoethanol, ethanethiol, and mercaptoethylamine did not affect survival. Metzger and Smogor4 reported the effects of various oxidation-reduction potentials on the survival of treponemes. Different combinations and concentrations of glutathione, cysteine, and thioglycollate were used. Optimum survival occurred at Eh -230 to -240 mV (pH [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Another SH agent, dithiothreitol, has recently been added to the list of beneficial agents.5
In the last five years Reducing agents oxidise in solution. Since the invivo generation time of T pallidum has been estimated to be 30 hours'6 successful multiplication is likely to require prolonged incubation. Thus, it is important to consider the oxidation of SH groups during this incubation period. In the modified Nelson's medium used by Weber,3 the glutathione and cysteine were 50% oxidised within four days of incubation. If these agents were partially oxidised before addition of the treponemes, the beneficial effects were sharply decreased. Norris and coworkers'7 also reported that oxidised SH agents were far less beneficial, or even detrimental, to treponemal survival.
The purpose of this report is to clarify some of the present confusion regarding SH agents in tissue culture systems. To this end, SH oxidation was determined using procedures and experimental conditions commonly used for Tpallidum. Materials (table IV) . After 20 hours, the 5-ml sample contained 2-2 mmol/l SH compared with 3 . 3 mmol/l in the 15-ml sample. After 48 hours, the 15-ml sample contained three times as much SH as the 5-ml sample (2) (3) (4) (5) mmol/l and 0-8 mmol/l respectively).
GASEOUS ENVIRONMENT
In previous tissue culture experiments, treponemes were incubated in different gaseous environments.5 Experiments were performed to assess SH oxidation within these environments. GSH (4 mmol/1) and The SH content remaining in the flasks containing heated treponemes, high-speed supernatant, and control medium was similar at each time period. The viable treponemal preparation either utilised or was responsible for oxidation of SH groups. This was apparent after incubation for 90 hours. At this time, the viable preparation contained 1-8 mmol/l SH compared with 2-7-3*0 for the other three preparations. After 138 hours, the viable preparation contained only one-third to one-half as much SH as 6 Norris et al, 17 and Sandok et al'5 reported maximum treponemal survival in relatively low concentrations of oxygen (less than 5O/). SH content, affected by differing experimental conditions, may be the reason for these discrepancies. Two comments are pertinent; firstly, the concentration of dissolved oxygen within the culture medium is related to the concentration of reducing agents. Molecular oxygen reacts with SH groups to yield SS groups and water, thereby decreasing the amount of dissolved oxygen present.222326 Secondly, the toxicity of oxygen to micro-organisms appears to be mediated through free radicals.27 SH groups are able to scavenge free radicals.22 23 28 In the process of interacting with the SH moiety, the free radical is neutralised, resulting in SS formation. Thus, SH agents conceivably minimise oxygen toxicity by inactivating free radicals. Incubation in the presence of increasing concentrations of oxygen would probably require increasing concentrations of SH agents to counteract oxygen toxicity.
In support of this, Norris and co-workers'7 recently examined the survival of T pallidum (Nichols strain) in 21 Thus, it appears as if successful in-vitro multiplication will require a delicate balance provided by specific concentrations of various SH agents. These concentrations will have to be carefully balanced and maintained during prolongec periods of in-vitro incubation.
